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Accumulating evidence indicates that psychotherapy participants show increased phys- 
iological responsiveness to stress. The purpose of the present study was to examine 
differences between individuals participating in outpatient psychotherapy and matched 
controls using an experimental design. Forty-two psychotherapy participants and 48 
matched controls were assessed on cardiovascular and Cortisol functioning at baseline, 
during theTrier Social Stress Test (TSST), and during a 20-min recovery period. Psychother- 
apy participants and matched controls did not differ at baseline or during the TSST on 
the physiological measures but psychotherapy participants had higher Cortisol and heart 
rate (HR) during the recovery period. In regards to reactivity, Cortisol increased during 
the recovery period for the psychotherapy participants but decreased for those in the 
matched control group. Psychotherapy participants experiencing clinically significant levels 
of distress displayed elevated systolic and diastolic blood pressure and HR during theTSST 
when compared to psychotherapy participants not experiencing clinically significant levels 
of distress. Overall, physiological reactivity to stress appears to be an important issue for 
those in psychotherapy and directly addressing this issue may help improve psychotherapy 
outcomes. 
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INTRODUCTION 

High levels of psychological distress contribute to elevated physio- 
logical activity and negative health outcomes (Steptoe et al., 2005; 
Chida and Steptoe, 2010; Carroll etal., 2012). In psychotherapy, 
high levels of psychological distress are related to elevated phys- 
iological activity and addressing difficult topics in therapy such 
as previous trauma leads to increased physiological responses 
(Lindauer et al., 2006; Ham and Tronick, 2009; Ehrenthal et al., 
2010). This is particularly true in more severe pathology and inpa- 
tient studies. Lindauer et al. (2006) in a study of posttraumatic 
stress disorder found that focusing on trauma cues led to increased 
physiological reactivity. It is not known however if general psy- 
chotherapy participants in outpatient settings have elevated stress 
physiology relative to non therapy controls. The purpose of the 
present study was to answer this question using a controlled lab- 
oratory stress paradigm comparing psychotherapy participants to 
a psychotherapy naive control group. 

THE IMPACT OF STRESS 

Stress is a highly prevalent problem with significant negative con- 
sequences (American Psychological Association [APA], 2008). In a 
nationally representative sample of Americans, approximately one 
third of Americans reported experiencing high levels of chronic 
stress (Keller etal., 2012). Research has shown that stress has neg- 
ative effects on physical and mental health, and chronic stress 
plays a role in the development and progression of physical ill- 
ness (Rozanski et al., 1999; Krantz and McCeney, 2002; Rosengren 



etal, 2004; Carroll etal., 2012). One area of physiological health 
that seems to be particularly affected by stress is cardiovascular 
disease. Steptoe et al. (2005) found that unemployment and finan- 
cial difficulties predicted the development of hypertension at a 
3-year follow-up, showing that exposure to stress contributes to 
deterioration of the cardiovascular system. 

Stress reactivity, or the way individuals physiologically and 
emotionally respond to stressful situations, is central in under- 
standing how we are affected by stress and how it impacts our 
functioning. Physiological measurements, such as cardiovascular 
indices and hormonal change, are an integral aspect of evaluating 
individual's stress reactivity. Increased levels of Cortisol have con- 
sistently been linked to experienced acute and/or chronic stress 
(Bohnen etal, 1990; Engert etal, 2012; Aschbacher etal, 2013). 
Additionally, blood pressure (Juster etal., 2012) and heart rate 
(HR; Kudielka et al., 2004) are commonly used measures of stress 
reactivity and recovery. The most commonly used method to 
assess stress reactivity in the laboratory reported in the research 
literature is the Trier Social Stress Test (TSST). After establishing 
baseline levels, participants prepare for an ideal job interview, give 
the interview, perform math problems, and then rest during a 
recovery period. The TSST consistently results in elevated blood 
pressure and Cortisol levels and is considered the gold standard 
of physiological stress reactivity assessment. No studies to date 
have examined physiological differences between psychotherapy 
participants and non-therapy controls in their responses to the 
TSST. 
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PSYCHOTHERAPY AND PHYSIOLOGY 

Individuals engaged in psychotherapy display exaggerated physio- 
logical reactivity to stress. Blanchard et al. (2002) in a study of post 
traumatic stress disorder (PTSD) found that exposure to trauma 
cues lead to elevated HR reactivity. They also found that PTSD 
patients who respond positively to cognitive behavioral therapy 
displayed decreased HR reactivity in response to those trauma 
cues. Furthermore, PTSD patients provided with eye movement 
desensitization and reprocessing therapy have lower skin con- 
ductance and lower HR during trauma recall after only one 
therapy session (Aubert-Khalfa etal., 2008). Similarly, mothers 
who are clinically depressed show increased stress reactivity during 
a stress-inducing task compared to non-depressed mothers. One 
session of interpersonal psychotherapy is effective in significantly 
decreasing stress reactivity of depressed mothers (Cyranowski 
etal, 2009). 

In a more general study about adolescents' externalized behav- 
ioral problems, Schechter etal. (2012) found that either low 
or high Cortisol levels of adolescents are correlated with nega- 
tive multisystemic therapy outcome. Additionally, children and 
adolescents experiencing stress while in treatment for behavioral 
problems show worse treatment outcome (Mathijssen et al, 1999). 
However, patients with panic disorder, agoraphobia, or other pho- 
bias actually respond better to treatment when they are more 
reactive to stress during fear inducing situations, as measured 
by HR (Lang etal., 1998) and Cortisol levels (Siegmund etal., 
2011). 

To determine if stress reduction techniques enhance therapy 
outcome, Weiss etal. (2005) had participants receive psychother- 
apy treatment by itself, or stress reducing mindfulness training 
in addition to psychotherapy. Even though participants in the 
mindfulness in addition to psychotherapy group did not differ 
in distress scores after therapy from the psychotherapy group, 
the former group did have greater goal achievement scores in 
average. Psychotherapy related improvements in psychological 
distress have been correlated with decreased stress reactivity 
(Blanchard etal., 2002; Aubert-Khalfa etal, 2008; Cyranowski 
etal, 2009). In a pilot study, Ehrenthal etal. (2010) found 
that physiological stress reactivity prior to treatment predicts 
therapy outcome in a sample of inpatients hospitalized for 
depression. Those with low physiological stress reactivity had 
significantly better psychotherapy outcome compared to patients 
with high physiological stress reactivity. However, no studies to 
date have examined physiological stress reactivity in an outpatient 
setting. 

CURRENT STUDY 

The purpose of the present study was to examine whether psy- 
chotherapy participants in an outpatient setting would show 
elevated physiology relative to a matched control group. Three 
hypotheses were tested. First, psychotherapy participants would 
show elevated physiology at baseline before beginning the labo- 
ratory stressor. Second, psychotherapy participants would show a 
larger overall response to the laboratory stressor than the con- 
trol group. And third, the psychotherapy participants would 
show increased physiological reactivity to the stressor with greater 
changes from baseline to stressor. 



MATERIALS AND METHODS 
PARTICIPANTS 

Forty-two psychotherapy patients were recruited from the 
Brigham Young University, Provo Utah, counseling center. Psy- 
chotherapy patients entering the study had just begun psychother- 
apy and had received one to two sessions only. A matched control 
group of 48 college students not receiving psychotherapy were 
recruited via a research participation system run by the psychology 
department. Our sample was comprised of college students only. 
About 57% of participants were females, and 43% were males. The 
average age of all participants was approximately 23 ( SD = 4. 1 ) and 
the mean BMI was 23.4 (SD = 3.4). This study received Institu- 
tional Review Board approval before beginning and all participants 
read and signed an informed consent form before participating in 
the study. 

PROCEDURES 
Overview 

The study proceeded in two phases: (a) completion of preliminary 
questionnaires, and (b) laboratory physiological stress reactiv- 
ity measurement. All procedures were approved by the Brigham 
Young University Institutional Review Board. Preliminary ques- 
tionnaires involved informed consent, a self-report measures of 
psychological distress, and demographic information. The sec- 
ond phase of the study involved the laboratory stress task. During 
the laboratory tasks, participants' physiological measures of stress 
reactivity were collected. Participants' completion of the study was 
compensated with 20 dollars cash. 

The Trier Social Stress Test 

Physiological stress reactivity was assessed through induction of 
a stressful situation using the TSST (Kirschbaum etal., 1993). 
The first phase of the TSST involves a baseline rest condition to 
establish resting blood pressure and levels of Cortisol from saliva. 
During the baseline condition, participants were asked to sit qui- 
etly and watch a relaxing video for 15 min. At minutes 11, 13, 
and 15 of the baseline period BP and HR were measured while 
and one saliva sample was collected at minute 15. Stress induction 
occurs during the second phase of the TSST, when participants 
were asked to prepare for an impromptu speech. Participants were 
told to prepare mentally for a job interview for their ideal job 
and to think about how to best present themselves. After 5 min 
of speech preparation, participants were asked to present their 
speech in front of an unfamiliar research assistant. They were 
also told that their speech would be recorded for later analysis 
by experts. Speech presentation was 5 min. The last phase of the 
stress indication was a math problem. Participants had to men- 
tally manipulate numbers and solve problems out loud for 5 min. 
They were told to stop and start over every time they made a 
mistake. BP and HR were measured at them midpoint and at 
the end of each task. The last phase of the laboratory tasks was 
a 20-min rest condition to evaluate how physiological indicators 
of stress return to normal, with BP, HR, and Cortisol being mea- 
sured at the beginning, midpoint, and end of the recovery period. 
Presentation of an unexpected speech in the context of evalua- 
tion by strangers and mental manipulation of numbers have been 
shown to significantly increase physiological measures of stress 
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and to provide an accurate representation of an individual's stress 
response. 

MEASURES 
Demographics 

Client reported their age and gender, and then were weighed and 
measured in order to calculate body mass index (BMI). 

Psychotherapy outcome 

Psychotherapy outcome and participant's progress was monitored 
using the Outcome-Questionnaire (OQ-45, Lambert etal., 2004). 
The OQ-45 is a 45-item self-report measure assessing symptom 
distress, interpersonal relationships, social role, and quality of 
life in psychotherapy clients (Lambert, 2013). Each item is rated 
on a 5-point Likert scale ranging from 0-"Never" to 4-"Almost 
always." The OQ-45 is a valid and reliable measure of change 
in clients' reported distress. Previous research has determined 
that a cut-off score of 62 is indicative of clinical distress, those 
receiving mental health treatment typically score above this point, 
and community samples typically score below this point. It has 
an excellent internal consistency of 0.93 and a 3-week test-retest 
reliability of 0.84. In addition, it has a significant concurrent 
validity with measures of self-report symptoms and psychopathol- 
ogy such as the Beck Depression Inventory (Beck etal., 1996) 
and the Spielberger State Anxiety Inventory (Spielberger etal., 
1983). 

PHYSIOLOGICAL MEASURES 

Heart rate, diastolic, and systolic blood pressure (SBP) data 
were collected using a Dinamap Model 8100 automated blood 
pressure monitor (Critikon Corporation, Tampa, FL, USA) that 
capitalizes on the oscillometric method. Readings were obtained 
following the specifications of the manufacturer using a cuff 
that was measured and properly sized to fit on the upper non- 
dominant arm of the participant. Cortisol was measured via 



saliva samples. Salivary samples were stored at — 20° C until 
analysis. After thawing the samples, the salivettes were cen- 
trifuged for 5 min at 3000 rpm. Concentrations of salivary 
Cortisol were measured using a commercially available immunoas- 
say with chemiluminescence detection (CLIA; IBL, Hamburg, 
Germany). 

DATA ANALYSIS 

Before analyzing the research questions, experimental groups were 
first compared to examine whether groups were not significantly 
different at baseline for demographic, blood pressure, and psycho- 
logical distress using independent sample f-tests and c/n'-square 
analyses. 2-Group x 7-Time repeated measures analyses of vari- 
ance (ANOVAs) were used to analyze the research questions. We 
report partial-eta2 (r|p) for AN OVA effect sizes and significant 
main effects and interactions were decomposed using follow-up 
contrasts. Main effects for time were calculated to examine the 
impact of the experiment on blood pressure and HR from base- 
line to recovery, including the stressor. Time main effects were 
followed up by analyses of Group x Time interactions and tests of 
group differences. 

RESULTS 

SAMPLE CHARACTERISTICS 

Table 1 displays the sample characteristics by experimental group. 
The psychotherapy and control groups were not significantly dif- 
ferent on gender composition, age, or BMI. Similarly, there were 
no differences in baseline physiology between groups. The psy- 
chotherapy group scored significantly higher on the Outcome 
Questionnaire, a measure psychological distress that is related to 
psychotherapy outcome [Psychotherapy mean = 73.6 (25.7) and 
control group mean = 43.1 (16.5), t = 4.280, p < 0.001]. Gender 
and BMI were related to blood pressure and HR such that men 
had higher SBP (f = 6.073, p < 0.001) and lower HR (r = -3.230, 
p < 0.01) and those with higher BMI had higher SBP (f = 4.139, 



Table 1 | Sample characteristics by experimental group. 





Psychotherapy group (n = 42) 


Control group (n = 48) 


P 


Demographics and distress 


Gender (% female) 


57% 


56% 


0.93 


Age 


22.9 (4.1) 


23.0 (4.4) 


0.88 


Body mass index 


23.4 (3.4) 


24.3 (5.2) 


0.32 


Outcome questionnaire 


73.6 (25.7) 


43.1 (16.5) 


<0.001 


Baseline physiology 


Systolic blood pressure (mm/Hg) 


108 (10) 


109 (11) 


0.49 


Diastolic blood pressure (mm/Hg) 


65 (7) 


64 (7) 


0.71 


Heart rate (bpm) 


69 (11) 


73 (11) 


0.10 


Cortisol (nmol/l) 


11.8 (7.4) 


11.4 (7.1) 


0.80 


Recovery physiology 


Systolic blood pressure (mm/Hg) 


112 (13) 


112 (12) 


0.85 


Diastolic blood pressure (mm/Hg) 


67 (7) 


65 (7) 


0.37 


Heart rate (bpm) 


74 (11) 


70 (11) 


0.03 


Cortisol (nmol/l) 


12.7 (10.9) 


9.5 (4.9) 


0.01 
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p < 0.001). Therefore, gender and BMI were used as covariates 
in the following analyses because of their significant relationship 
with the physiological measures. 

BASELINE PHYSIOLOGY AND AVERAGE PHYSIOLOGICAL STRESS 
RESPONSE 

The psychotherapy group and matched control group did not dif- 
fer at baseline on measures of SBP, diastolic blood pressure (DBP), 
HR, or Cortisol. In other words, participants in psychotherapy were 
not more physiologically aroused than matched controls at the 
beginning of the experiment. Similarly, there were no differences 
in average physiological stress responses between groups. During 
the beginning of the recovery phase, those in the psychotherapy 
group had elevated Cortisol [£(1,89) = 7.448, p < 0.01, T|£ = 0.07] 
and HR [£(1,88) = 4.635, p < 0.05, t]* = 0.05] relative to the 
matched control group (see Table 1). When examining only those 
in psychotherapy by level of clinical distress (measured by the 
Outcome Questionnaire, a score above 62), there were significant 
differences in average physiological response (see Table 2). Psy- 
chotherapy participants with high levels of distress displayed larger 
average physiological stress responses for SBP [£(1,36) = 4.923, 
p < 0.05, T)£ = 0.12], DBP [£(1,36) = 6.280, p < 0.05, rfy = 0.15], 
and HR [£(1,36) = 5.017, p < 0.05, t)| = 0.12]. 

PHYSIOLOGICAL REACTIVITY TO THE LABORATORY STRESSOR 

Because Cortisol was not different between groups at baseline but 
did differ during recovery, there was a significant difference in 
terms of physiological reactivity following the stressor. The overall 
within subjects analysis was £(3,282) = 5.471, p < 0.01, T|p = 0.06 
indicating different response patterns for the psychotherapy and 
matched control groups. Specifically, the psychotherapy partici- 
pants displayed an increase in Cortisol following the presentation 
of the laboratory stressor whereas the control group trended 



lower [£(1,94) = 6.749, p < 0.05, r\* = 0.07; see Table 1]. For 
SBP, there was a non significant trend for those clinically dis- 
tressed to have more physiological reactivity [£(1,210) = 4.923, 
p = 0.082, T)£ = 0.050; see Table 2], This difference was most 
strongly seen during the math portion of the laboratory stres- 
sor with the clinically distressed participants in the psychotherapy 
group still showing relatively high levels of SBP, whereas the non- 
clinically distressed participants showed a significant drop in SBP 
[£(1,36) = 4.083, p= 0.05, rfy = 0.10; see Figure 1]. 

DISCUSSION 

The purpose of this study was to examine whether physiological 
response to a laboratory stressor would be higher in psychotherapy 
participants relative to a matched control group. It was hypothe- 
sized that psychotherapy participants would have elevated baseline 
physiology, elevated average physiological response, and greater 
reactivity to a speech and math stressor relative to baseline levels. 
No group differences in physiology were found at baseline. Those 
in psychotherapy did report higher levels of psychological distress 
as might be expected. There were no differences between groups 
in average physiological response; however there was a significant 
difference when comparing those with high levels of clinical dis- 
tress with those with low levels. Those high in clinical distress 
displayed higher overall SBP, DBP, and HR to the TSST than did 
the low distress group. In regards to physiological reactivity, the 
psychotherapy group showed greater Cortisol levels following the 
TSST relative to the control group indicating a stronger stress 
response. 

There are three key implications of these findings. First, not 
everyone engaged in psychotherapy has clinical levels of distress 
and it appears that overall level of clinical distress is an important 
factor in physiological response to stress. However, most of those 
who qualified as clinically distressed were in the psychotherapy 



Table 2 | Sample characteristics by level of clinical distress for those in the psychotherapy group only. 




High distress (n = 28) 


Low distress (n = 12) 


P 


Demographics and distress 


Gender (% female) 


58% 


56% 


0.90 


Age 


23.2 (4.5) 


22.8 (4.1) 


0.60 


Body mass index 


23.1 (3.7) 


24.3 (4.8) 


0.20 


Overall physiology (average across all tasks) 


Systolic blood pressure (mm/Hg) 


117 (10) 


110 (11) 


0.03 


Diastolic blood pressure (mm/Hg) 


66 (7) 


62 (7) 


0.02 


Heart rate (bpm) 


76 (12) 


69 (10) 


0.03 


Baseline physiology 


Systolic blood pressure (mm/Hg) 


109 (10) 


108 (11) 


0.94 


Diastolic blood pressure (mm/Hg) 


66 (7) 


64 (7) 


0.19 


Heart rate (bpm) 


72 (12) 


70 (10) 


0.40 


Physiological stress reactivity (math) 


Systolic blood pressure (mm/Hg) 


126 (16) 


123 (15) 


0.082 


Diastolic blood pressure (mm/Hg) 


77 (9) 


73 (8) 


0.395 


Heart rate (bpm) 


81 (15) 


80 (12) 


0.757 
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Level of Distress Impacts Systolic Blood Pressure Reactivity to the Trier 

Social Stress Test 




Time 



FIGURE 1 | Psychotherapy participants with high levels of clinical distress (an Outcome Questionnaire score above 62) show higher levels of blood 
pressure reactivity to the Trier Social Stress Test. 



group. Given the limited size of this study and the small num- 
ber of controls with clinical distress, there was insufficient power 
to see whether there was an interaction between psychotherapy 
participation and clinical distress. 

The second implication is that psychotherapy participants 
may look normal physiologically at rest but have an exaggerated 
response to stressful situations. To examine the impact of stress 
in psychotherapy, it is insufficient to measure just baseline phys- 
iology. Rather, it is the reaction to and recovery from stressful 
situations that are important (Zautra, 2009). This finding is in 
line with Heim et al. (2000) who found that those with depression 
and trauma did not appear different physiologically at baseline 
but had a large physiological stress response relative to controls. 
Resilience may play a key role here (see Connor and Davidson, 
2003; Zautra, 2009). Those higher in resilience may handle stress 
more effectively and thereby recover from stress more quickly. It 
is also possible that successful psychotherapy increases resilience 
and thereby decreases physiological reactivity to stress (Lane et al., 
2009; Thayer etal., 2012). 

The third implication is that stress reduction strategies may be 
a useful adjunct for those in psychotherapy. High levels of stress 
can interfere with attention and focus and stress reduction may 
help improve psychotherapeutic efforts by reducing physiological 
stress symptoms. Marci and Riess (2005) and Riess (2011) argue 
for the clinical relevance of using psychophysiologic measures as 
an important adjunct in psychotherapy that has the potential to 
improve therapy quality and help guide therapeutic decisions. It 
is also possible that the current focus on mindfulness approaches 
in cognitive behavioral psychotherapy is at least partially driven 
by its success in reducing stress. Additionally, HRV biofeedback 
has shown promise as an adjunctive treatment in depression and 



anxiety, with stress reduction likely playing a key role in this affect 
(Karavidas et al., 2007; Lehrer and Eddie, 2013). 

There are several limitations to this study. First, this study was 
cross sectional in nature so it is not clear how stress physiology 
impacts long term outcome in psychotherapy. Second, the sample 
consisted of relatively young, healthy college students with psy- 
chotherapy being administered in a counseling center. It is not 
known if these results will generalize to other age groups, condi- 
tions, or different clinical settings. Strengths of the current study 
were the inclusion of a matched control group with no previous 
psychotherapy experience and a controlled experimental design. 
Future studies could build on these findings by conducting con- 
trolled experimental longitudinal studies to examine how reducing 
stress physiology is related to psychotherapy outcome and by 
looking at different age groups and different clinical settings. 
Additionally, focusing on the role of resilience in the relationship 
between psychotherapy and psychophysiological stress reactivity 
may be especially fruitful (see Connor and Davidson, 2003). It 
is possible that psychotherapy increases resilience in the face of 
significant stress (Lane et al, 2009; Thayer et al, 2012). 

In conclusion, people with who are clinically distressed display 
greater physiological response and greater physiological reactiv- 
ity to a laboratory stressor relative to a matched control group. 
Distressed individuals did not differ at baseline physiologically 
indicating resting physiological measures may be insufficient to 
identify those who may be at risk of stress related problems in psy- 
chotherapy. Rather, examining stress response as well as ability to 
recover from stress once the stressor is over is crucial. Stress reduc- 
tion techniques may be a beneficial adjunct to psychotherapy and 
future studies could examine this possibility using a longitudinal 
controlled experiment. 



w ww.f rontiersi n .org 



July 2014 | Volume 5 I Article 795 I 5 



Steffen etal. 



Psychotherapy and physiology 



REFERENCES 

American Psychological Association [APA]. (2008). Stress in America Report. Avail- 
able at: http://www.apa.org/news/press/releases/2008/10/stress-in-america.pdf 

Aschbacher, K., O'Donovan, A., Wolkowitz, O. M., Dhabhar, F. S„ Su Y., and 
Epel, E. (2013). Good stress, bad stress and oxidative stress: insights from 
anticipatory Cortisol reactivity. Psychoneuroendocrinology 14, 1698-1708. doi: 
10.1016/j.psyneuen.2013.02.004 

Aubert-Khalfa, S., Roques, J., and Blin, O. (2008). Evidence of a decrease 
in heart rate and skin conductance responses in PTSD patients after a sin- 
gle EMDR session. /. EMDR Pract. Res. 2, 51-56. doi: 10.1891/1933-3196. 
2.1.51 

Beck, A., Steer, R., and Brown, G. (1996). Manual for Beck Depression Inventory-II, 
2nd Edn. San Antonio, TX: Psychological Corporation. 

Blanchard, E. B., Hickling, E. J., Veazey, C. H., Buckley, T. C., Freidenberg, B. M., 
Walsh, J. D., etal. (2002). Treatment -related changes in cardiovascular reactivity 
to trauma cues in motor vehicle accident-related PTSD. Behav. Ther. 33, 417-426. 
doi: 10.1016/S0005-7894(02)80036-3 

Bohnen, N., Houx, P., Nicolson, N., and Jolles, J. (1990). Cortisol reactivity and 
cognitive performance in a continuous mental task paradigm. Biol. Psychol. 31, 
107-116. doi: 10.1016/0301-0511(90)90011-K 

Carroll, D., Ginty,A. X, Der, G., Hunt, K., Benzeval, M., and Phillips, A. C. (2012). 
Increased blood pressure reactions to acute mental stress are associated with 
16-year cardiovascular disease mortality. Psychophysiology 49, 1444-1448. doi: 
10. 1 1 1 l/j.l469-8986.2012.01463.x 

Chida, Y., and Steptoe, A. (2010). Greater cardiovascular responses to labo- 
ratory mental stress are associated with poor subsequent cardiovascular risk 
status. Hypertension 55, 1026-1032. doi: 10.1161/HYPERTENSIONAHA.109. 
146621 

Connor, K. M., and Davidson, J. R. T. (2003). The development of a new resilience 
scale: the Connor-Davidson Resilience Scale (CD-RISC). Depress. Anxiety 18, 
76-82. doi: 10.1002/da.l0113 

Cyranowski, J. M., Swartz, H. A., Hofkens, T. L., and Frank, E. (2009). Emotional 
and cardiovascular reactivity to a child-focused interpersonal stressor among 
depressed mothers of psychiatrically ill children. Depress. Anxiety 26, 110-116. 
doi: 10.1002/da.20515 

Ehrenthal, J. C, Fey, M., Herrmann-Lingen, C, and Schauenburg, H. 
(2010). Psychophysiologic als pradiktor fur behandlungserfolg: eine pilot- 
studie. Psychother. Psychosom. Med. Psychol. 62, 474-478. doi: 10.1055/s-0030- 
1263149 

Engert, V., Efanov, S. I., Duchesne, A., Vogel, S., Corgo, V., and 
Pruessner, J. C. (2012). Differentiating anticipatory from reactive Cortisol 
responses to psychosocial stress. Psychoneuroendocrinology 38, 1328-1337. doi: 
10.1016/j.psyneuen.2012. 11.018 

Ham, J., and Tronick, E. (2009). Relational psychophysiology: lessons from mother- 
infant physiology research on dyadically expanded states of consciousness. 
Psychother. Res. 19, 619-632. doi: 10.1080/10503300802609672 

Heim, C, Newport, D. J., Heit, S., Graham, Y. P., Wilcox, M., Bonsall, R., et al. (2000). 
Pituitary-adrenal and autonomic responses to stress in women after sexual and 
physical abuse in childhood. JAMA 284, 592-597. doi: 10.1001/jama.284.5.592 

Juster, R. P., Perna, A., Marin, M. E, Sindi, S., and Lupien, S. J. (2012). 
Timing is everything: anticipatory stress dynamics among Cortisol and blood 
pressure reactivity and recovery in healthy adults. Stress 15, 569-577. doi: 
10.3109/10253890.2012.661494 

Karavidas, M. K., Lehrer, P. M., Vaschillo, E., Vaschillo, B., Marin, H., 
Buyske, S., etal. (2007). Preliminary results of an open label study 
of heart rate variability biofeedback for the treatment of major depres- 
sion. Appl. Psychophysiol. Biofeedback 32, 19-30. doi: 10.1007/sl0484-006- 
9029-z 

Keller, A., Litzelman, K., Wisk, L. E., Maddox, T., Cheng, E. R., Creswell, P. D., 
etal. (2012). Does the perception that stress affects health matter? The asso- 
ciation with health and mortality. Health Psychol. 31, 677-684. doi: 10.1037/ 
a0026743 

Kirschbaum, C, Pirke, K. M., and Hellhammer, D. H. (1993). The 'Trier 
Social Stress Test' - a tool for investigating psychobiological stress responses 
in a laboratory setting. Neuropsychobiology 28, 76-81. doi: 10.1159/ 
000119004 

Krantz, D. S., and McCeney, M. K. (2002). Effect of psychological and social 
factors on organic disease: a critical assessment of research on coronary heart 



disease. Annu. Rev. Psychol. 53, 341-369. doi: 10. 1146/annurev.psych.53. 100901. 
135208 

Kudielka, B. M., Schommer, N. C, Hellhammer, D. H., and Kirschbaum, C. (2004). 
Acute HPA axis responses, heart rate, and mood changes to psychosocial stress 
(TSST) in humans at different times of day. Psychoneuroendocrinology 29, 983- 
992. doi: 10.1016/j.psyneuen.2003.08.009 

Lambert, M. J. (2013). Outcome in psychotherapy: the past and important advances. 
Psychotherapy 50, 42-51. doi: 10.1037/a0030682 

Lambert, M. J., Morton, }. J., Hatfield, D., Harmon, C, Hamilton, S., Reid, R. C, 
etal. (2004). Administration and Scoring Manual for the OQ-45.2. Orem, UT: 
American Professional Credentialing Services. 

Lane, R. D., McRae, K., Reiman, E. M., Chen, K., Ahern, G. L., 
and Thayer, J. F. (2009). Neural correlates of heart rate variability dur- 
ing emotion. Neuroimage 44, 213-222. doi: 10.1016/j.neuroimage.2008. 
07.056 

Lang, P. J., Cuthbert, B. N., and Bradley, M. M. (1998). Measuring emotion 

in therapy: imagery, activation, and feeling. Behav. Ther. 29, 655-674. doi: 

10.1016/S0005-7894(98)80024-5 
Lehrer, P., and Eddie, D. (2013). Dynamic processes in regulation 

and some implications for biofeedback and biobehavioral interventions. 

Appl. Psychophys. Biofeedback 38, 143-155. doi: 10.1007/sl0484-013- 

9217-6 

Lindauer, R. T. L., van Meijel, E. P. M., Jalink, M., Olff, M., Carlier, I. V. 
E., and Gersons, B. P. R. (2006). Heart rate responsivity to script-driven 
imagery in posttraumatic stress disorder: specificity of response and effects of 
psychotherapy. Psychosom. Med. 68, 33-40. doi: 10.1097/01.psy.0000188566. 
35902.e7 

Marci, C, and Riess, H. (2005). The clinical relevance of psychophysiology: support 
for the psychobiology of empathy and psychodynamic process. Am. J. Psychother. 
59,213-226. 

Mathijssen, }. J. J. P., Koot, H. M., and Verhulst, F. C. (1999). Predicting 
change in problem behavior from child and family characteristics and stress 
in referred children and adolescents. Dev. Psychopathol. 11, 305-320. doi: 
10.1017/S0954579499002072 

Riess, H. (2011). Biomarkers in the psychotherapeutic relationship: the role of 
physiology, neurobiology, and biological correlates of EMPATHY. Harvard Rev. 
Psychiatry 19, 162-174. doi: 10.3109/08941939.2011.581915 

Rosengren, A., Hawken, S., Ounpuu, S., Sliwa, K., Zubaid, M., Almahmeed, W A., 
et al. (2004). Association of psychosocial risk factors with risk of acute myocardial 
infarction in 11119 cases and 13648 control from 52 countries (thelNTERHEART 
study): case-control study. Lancet 3645, 953. doi: 10.1016/S0140-6736(04) 
17019-0 

Rozanski, A., Blumenthal, J. A., and Kaplan, J. (1999). Impact of psychological 

factors on the pathogenesis of cardiovascular disease and implications for therapy. 

Circulation 99, 2192-2217. doi: 10.1161/01.CIR.99.16.2192 
Schechter, J., Brennan, P., Cunningham, P., Foster, S., and Whitmore, E. (2012). 

Stress, Cortisol, and externalizing behavior in adolescent males: an examination 

in the context of multisystemic therapy. /. Abnorm. Child Psychol. 40, 913-922. 

doi: 10.1007/sl0802-012-9612-0 
Siegmund, A., Koster, L., Meves, A. M.,Plag, J., Stoy,M., and Strohle, A. (201 1). Stress 

hormones during flooding therapy and their relationship to therapy outcome in 

patients with panic disorder and agoraphobia. /. Psychiatr. Res. 45, 339-346. doi: 

10.1016/j.jpsychires.2010.07.002 
Spielberger, C. D., Gorusch, R. L., Lushene, R., Vagg, P. R., and Jacobs, G. A. 

(1983). Manual for the State-Trait Anxiety Inventory. Palo Alto, CA: Consulting 

Psychologists. 

Steptoe, A., Brydon, L., and Kunz-Ebrecht, S. (2005). Changes in financial strain 
over three years, ambulatory blood pressure, and Cortisol responses to awakening. 
Psychosom. Med. 67,218-287. doi: 10.1097/01.psy.0000156932.96261.d2 

Thayer, J. R, Ahs, F., Fredrikson, M., Sollers, J., and Wager, T. D. (2012). A meta- 
analysis of heart rate variability and neuroimaging studies: implications for heart 
rate variability as a marker of stress and health. Neurosci. Behav. Rev. 36, 747-756. 
doi: 10.1016/j.neubiorev.2011. 11.009 

Weiss, M., Nordlie, J. W, and Siegel, E. P. (2005). Mindfulness-based stress reduction 
as an adjunct to outpatient psychotherapy. Psychother. Psychosom. 74, 108-112. 
doi: 10.1159/000083169 

Zautra, A. J. (2009). Resilience: one part recovery, two parts sustainability. /. Pers. 
77, 1935-1943. doi: 10.1111/j.l467-6494.2009.00605.x 



Frontiers in Psychology | Psychology for Clinical Settings 



July 2014 | Volume 5 | Article 795 | 6 



Steffen eta I 



Psychotherapy and physiology 



Conflict of Interest Statement: The authors declare that the research was conducted 
in the absence of any commercial or financial relationships that could be construed 
as a potential conflict of interest. 

Received: 30 May 20 14; paper pending published: 15 June 2014; accepted: 07 July 2014; 
published online: 28 July 2014. 

Citation: Steffen PR, Fidalgo L, Schmuck D, Tsui Y and Brown T (201 4 ) Psychotherapy 
participants show increased physiological responsiveness to a lab stressor relative to 
matched controls. Front. Psychol. 5:795. doi: 10.3389/fpsyg.2014.00795 



This article was submitted to Psychology for Clinical Settings, a section of the journal 
Frontiers in Psychology. 

Copyright © 2014 Steffen, Fidalgo, Schmuck, Tsui and Brown. This is an open-access 
article distributed under the terms of the Creative Commons Attribution License 
(CC BY). The use, distribution or reproduction in other forums is permitted, 
provided the original author(s) or licensor are credited and that the original pub- 
lication in this journal is cited, in accordance with accepted academic practice. No 
use, distribution or reproduction is permitted which does not comply with these 
terms. 



www.f rontiersin .org 



July 2014 | Volume 5 I Article 795 I 7 



